Reasoning ability supports the development of mathematics proficiency, as demonstrated by correlational and longitudinal evidence, and yet this skill is not emphasized in traditional elementary mathematics curricula. We propose that targeting reasoning skills from elementary school onward could help more students succeed in advanced mathematics courses. Here, we review the links between reasoning and mathematics, discuss the neural basis and development of reasoning ability, and identify promising school curricula.
Introduction
Mathematics achievement in school acts as a gatekeeper for academic and career success [1] , preventing students who fail courses such as algebra from entering careers in science, technology, and many areas of business. This issue is cause for concern at a global scale [2] , and so it is vital that we understand and address the factors that determine why some students succeed in mathematics while others fail. Educational research has identified several key factors, from choice of curriculum and teacher quality [3, 4, 5] to home environment and cultural dynamics [6, 7, 8, 9] .
We argue here that an additional factor that influences proficiency in mathematics is a student's capacity for relational reasoning, or the ability to jointly consider multiple sets of relations between mental representations. Relational reasoning is essential to algebra [10] and helpful in learning many elementary mathematical concepts [11, 12] . In this paper we review the theoretical and psychometric links between relational reasoning and mathematics, and present neurodevelopmental evidence for the importance of emphasizing relational reasoning in elementary mathematics instruction.
Relational reasoning and its role in mathematics
Relational reasoning is a fundamental aspect of what psychologists traditionally call fluid reasoning, or the ability to solve problems in novel situations [13] . The study of relational reasoning distinguishes between first-order and second-order (or higherorder) relationships. A first-order comparison describes the relation between two individual mental representations, whereas a second-order comparison integrates two (or more) sets of firstorder relations. A propositional analogy is a good example: in determining whether chain is to link as bouquet is to flower, one must first identify the relationships between each pair, and then compare the nature of those relationships to each other. Semantic and spatial relationships can be structured similarly to create tasks that elicit the same essential relational reasoning skill ( Fig. 1 A  and B) .
Cognitive scientists have long studied relational reasoning in these domain-general contexts, under the assumption that domaingeneral skills carry over to domain-specific contexts. We hypothesize that the capacity for relational reasoning is a critical foundation for learning mathematical concepts. To illustrate the role of relational reasoning in mathematics, we take the example of algebra. A key difference between advanced and average algebra learners is whether they view the equal sign (¼ ) relationally or operationally [10] . A relational definition of the equal sign emphasizes the equivalent relationship between the expressions on either side of the equal sign (Fig. 1 C) 
